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Recoveryplansdelineatereasonableactionsthatare believedto be requiredto
recoverand/orprotect listed species. Plansarepublishedby the U.S. Fishand
Wildlife Service,sometimespreparedwith the assistanceof recoveryteams,
contractors,Stateagencies,and others. Objectiveswill be attainedandany
necessaryfundsmadeavailablesubjectto budgetaryand otherconstraintsaffecting
thepartiesinvolved, aswell astheneedto addressotherpriorities. Recovery
plansdo not necessarilyrepresentthe views nor the official positionsor approval
of any individuals or agencies involved in the plan formulation,otherthanthe
U.S. Fishand Wildlife Service. Theyrepresenttheofficial positionof the
U.S. FishandWildlife Serviceonly after theyhavebeensignedby theRegional
Directoror Directoras approved. Approvedrecoveryplansaresubjectto
modificationasdictatedby new findings, changesin speciesstatus, andthe
completionof recoverytasks.

Literaturecitationsshould readasfollows:

U.S. FishandWildlife Service. 1995. Royal SnailRecoveryPlan. Atlanta, GA.
20 pp.

Additional copiesmay bepurchasedfrom:

FishandWildlife ReferenceService
5430GrosvenorLane, Suite 110
Bethesda,Maryland 20814
Phone: 301/492-6403or

1-800/582-3421

The feesfor recoveryplans vary, dependinguponthenumberof pages.
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EXECUTIVE SUMMARY

CurrentStatus: The royal snail is known from only two spring runs flowing out
of two cavesin the SequatchieRiver systemin Marion County,Tennessee.It is
foundin Blue Spring, which is thewater supply for thetown of Jasper,
Tennessee,anddownstreamto the StateHighway 64 bridge for about0.5 mile
(0.81kilometer). Downstreamof thebridge, suitablehabitat(ascurrentlyknown)
appearsunavailable. The royal snail is also found in OwenSpring, about4 miles
(6.4kilometers)northeast,up the SequatchieRiver valley. This Tennessee
endemicis listed asendangered.No critical habitathasbeendesignatedfor the
species.

Habitat Requirementsand Limiting Factors: Potentialdegradationof the water
quality of thetwo spring runs is the mostsignificant threatto the species’
continuedsurvival. Becausetheroyal snail is believedto havea 1-yearlife cycle,
it is subjectto suddenextinctionshould its habitatdeteriorate,evenfor a short
term, to thepoint wherea single year’s reproductionfails or is significantly
reduced. Human-relatedactivities that couldprove detrimentalto the water
quality of the spring runs (by causingand/orincreasingsiltation, nutrient, or
pollutantloading, or by alteringwater levels, temperature,or pH) include,but are
not limited to, increaseddevelopment,indiscriminatelogging andother landuse
changes,streamalteration(suchaschannelizationor impoundment),excessive
waterwithdrawalfrom the aquifer that suppliesthe springs,road andbridge
construction,runoff of pesticidesand fertilizers, leachatefrom septic systemsand
coalmines, and otherpoint and nonpointpollution discharge. Further, these
impactscouldpossibly comefrom distant sourcesbecausetherechargeareasfor
the springscould extendfor severalmiles.

The introductionor invasionof nonnativespeciesinto either spring run inhabited
by the royal snail posesanotherseriousthreat. The invasionor introductionof
nonnativeaquaticweedsinto the spring runscould eventuallyresult in the
eliminationof thehabitatrequiredby theroyal snailandrequire intensiveand
potentially harmfulcontrol measures.Another concernis the possibleinvasionby
the zebramussel(Dressenapolyrnorpha). The tremendousfiltering activity
exertedby high-densitypopulationsof the nonnativespeciescould disrupt the
natural foodchainand affectentire aquaticcommunities.

RecoveryObjective: The recoveryobjectiveis to maintainself-sustaining
populationsof the royal snail in both of the spring runs it is presentlyknownto
inhabit and protectits habitatfrom presentand foreseeablethreats. Basedon
availableinformationconcerningtherange,biology, and threatsto its continued
survival, delisting of the royal snail doesnot appearto be feasible.
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RecoveryCriteria: The species’biology and restricteddistributionmake it
unlikely that the royal snail canbesufficiently protectedfrom all threats
associatedwith potential degradationand alterationof the waterand/orhabitat
quality of the spring runs it inhabits.Delisting is unlikely. However,asadditional
dataon the speciesand threatsto its continuedexistenceareobtained,the potential
for developingthe recoverycriteria will be reevaluated.

Actions Needed

:

1. Protectthe existing populationand essentialhabitat.
2. Identify threatsto the species,conductresearchnecessaryfor the species’

management,and implementmanagementwhereneeded.
3. Developartificial holdingand propagationtechniquesand, if feasible,

establishcaptivepopulations.
4. Develop and implementcryogenictechniquesto preservethe species’genetic

material.
5. Developand implementa programto monitor royal snailpopulationlevels

and waterand/orhabitatconditionsof eachof the spring runs.
6. Annually assessthe overall successof the recoveryprogramand recommend

action (changesin recoveryobjectives,continueto protect, implementnew
measures,other studies,etc.).

Cost ($OOOs)

:

Year J Need ~ Need2 I Need3 I Need4 I Need5 Need61 TotalI L

1996 20.0 10.0 12.5 20.0 3.0 1.5 67.0

1997 3.0 17.5 12.5 20.0 3.0 1.5 57.5

1998 3.0 17.5 5.0 1.0 3.0 1.5 31.0

1999 2.0 3.0 1.0 1.0 3.0 1.5 11.5

2000 2.0 3.0 1.0 1.0 3.0 1.5 11.5

2001 2.0 3.0 1.0 1.0 3.0 1.5 11.5

2002 2.0 3.0 1.0 1.0 3.0 1.5 11.5

2003 2.0 3.0 1.0 1.0 3.0 1.5 11.5

2004 20 30 10 1.0 3.0 1.5 11.5

2005 20 30 10 1.0 3.0 1.5 11.5

2006

TOT
AL

20

42.0

30

69.0

10
—

38.0

1.0
—

49.0

3.0
—

33.0

1.5

16.5

11.5
—
247.5

Dateof Recovery

:

Total recoveryis unlikely for this species.
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PART I

INTRODUCTION

On April 15, 1994, the U.S. Fish andWildlife Service(Service)listed the royal
snail (Pyrgulopsisogmorhaphe)asanendangeredspecies(Service1994). Critical
habitatwasnot designated. This specieshasbeenrecordedfrom only two spring
runs (OwenSpring/TownCreekand Blue Spring) in the SequatchieRiver valley
of Marion County in southeasternTennessee.Its continuedexistenceis dependent
upon maintainingthe waterandhabitatquality of thesetwo sites.

Description.Ecology, and Life History

The royal snail (Marstonia ogmorhaphe) wasdescribedby Thompson(1977) and
was later reassignedto thegenusPyrgulopsisby Hershlerand Thompson(1987).
The royal snail is a small, presumablyannualspecies(usually less than
5 millimeters [0.2 inches]),distinguishedfrom othercloselyrelatedspeciesby:
(1) its relatively largesize; (2) its large numberof whorls (5.2 to 5.8); (3) its
deeply incised suture,producingstrongly shoulderedwhorls that arealmostflat
above;(4) its completeaperturethat is broadlyovatein shapewith a rounded
posteriorcorner; (5) its outer lip that is slightly archedforward in lateralprofile;
(6) its thin shell; (7) its conical-tereteshape;and (8) its enlargedbursacopulatrix
with a completelyexposedduct (Thompson1977).

The royal snail is knownfrom only two spring runs flowing out of two cavesin
the SequatchieRiver systemin Marion County,Tennessee.It is found in Blue
Spring, which is the water supply for the town of Jasper,Tennessee,andis also
found downstream,for about0.5 mile (0.8 kilometer),to the StateHighway 64
bridge. Downstreamof thebridge, suitablehabitat (ascurrently known) appears
absent. The royal snail is also found in Owen Spring, about4 miles
(6.4 kilometers)northeast,up the SequatchieRiver valley. Owen Spring is in a
public parkownedby the TennesseeDepartmentof Transportation,but the park is
in the processof being transferredto countyownership. The snail is found in
abouta 50-meter(150-foot) stretchof the spring outflow, about50 meters
(150feet) from where surfaceflow begins. Royal snailsare generallyfound in
the diatomaceous“ooze” and on leavesand twigs in the quieterpools downstream
from the spring source. No other life history informationis known.

No populationsof theroyal snail areknown to havebeenlost. However, the
generaldeteriorationof water quality in the region from siltation andother
pollutantscontributedby coal mining, poor landusepractices,andwaste
dischargeshave thepotential to impact the speciesand could resultin a serious,
irreversibledecline. Most of theseimpactsare likely to comefrom discharges
within the rechargeareaof the springsand not from direct spring impacts.



Additionally, becauseboth existingpopulationsinhabit extremelylimited areas,
they are vulnerableto extirpationfrom accidentaltoxic chemicalspills or
vandalism.

Distribution and Threatsto Its ContinuedExistence

The royal snail is found in only two spring runs in Marion County,Tennessee.
The specieshasneverbeentakenfrom outsidethesetwo areas. Specimenshave
not beenreportedin the spring runs from more than0.5 mile (0.8kilometer)
downstreamof the surfaceflow of the springs.

Potentialdegradationof the water quality of the two spring runs is themost
significant threat to the species’continuedsurvival. Becausethe royal snail is
believedto have a 1-yearlife cycle, it is subjectto suddenextinctionshould its
habitatdeteriorate,evenfor a shortperiod,to thepoint where a singleyear’s
reproductionfails or is significantly reduced. Human-relatedactivities that could
prove detrimentalto the waterquality of the spring runs (by causingor increasing
siltation, nutrient, or pollutant loadingor by alteringwater levels, temperature,or
pH) include,but are not limited to, increaseddevelopment,indiscriminatelogging
and other landusechanges,streamalteration(suchas channelizationor
impoundment),withdrawalof water, road andbridgeconstruction,runoff of
pesticidesand fertilizers, leachatefrom septic systemsand coal mines,and other
point and nonpointpollution discharge. Further, theseimpactscould possibly
comefrom distantsourcesbecausethe rechargeareasfor the springscould extend
for severalmiles. Informationreceivedfrom the U.S. Departmentof the Interior,
Office of SurfaceMining (OSM), statesthefollowing:

... informationcurrently availableto OSM doesnot indicatethe presence
of activeor proposedmining in therechargearea[asdeterminedby
groundwaterdividesassociatedwith streamvalley dissectionof
overlying caprockof theSouthernCumberlandPlateau] for either spring.

However,OSM also statesthat “...it is notunlikely that applicationsfor mining
within the potential rechargeareasmaybe receivedin thefuture....”

The introductionor invasionof nonnativespeciesinto either spring run inhabited
by the royal snail posesanotherseriousthreat. The invasionor introductionof
nonnativeaquaticweeds(e.g., Hydrilla) into the spring runs couldresult in the
eliminationof thehabitatrequiredby theroyal snailand requireintensiveand
potentially harmfulcontrol measures. Another concernis the zebramussel
(Dressenapolymorpha). There is fear that the tremendousfiltering activity
exertedby high-densitypopulationsof this speciescoulddisrupt the natural food
chainand affectentire aquaticcommunitiesof infestedlakesand streams
(Weigmannet al. 1991). However, it is not clear whetherthe zebramusselcan
colonizeheadwaterstreamssuchasthoseoccupiedby theroyal snail.
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PART II

RECOVERY

A. RecoveryObjectives

The Fishand Wildlife Service’sgoal in developingand implementing
recoveryplans is to recovera speciesto the point whereEndangeredSpecies
Act protectionis no longer required. This is often accomplishedthroughthe
establishmentandprotectionof somespecifiednumberof self-sustaining
populationsthroughouta significantportion of the species’historic range. A
self-sustainingpopulationis a reproducingpopulationthat is largeenoughto
maintainsufficient geneticvariation to enableit to survive andrespondto
naturalhabitatchangeswithout intensivemanagement.Thesepopulations
mustbe sufficiently dispersedor mustoccuron large enoughtracts to ensure
theirperpetuation.However, basedon available informationconcerningthe
range,biology, and threatsto its continuedsurvival, recoveryof the royal
snail doesnot appearto be likely (unlessotherpopulationsarediscoveredor
establishedin somepresentlyunknownhistoric habitat). It is doubtful that
the royal snail canbe sufficiently protectedfrom all threatsassociatedwith
potential degradationor alterationof thewaterand/orhabitatquality of the
spring runs it inhabits. Therefore,delisting is unlikely. However,as
additional dataon the speciesandthreatsto its continuedexistenceare
obtained,the potentialfor developingtherecoverycriteria will be
reevaluated.

Accordingly, the objectiveof this recoveryplan is to protectand maintain
self-sustainingpopulationsof the royal snail in the two knownsites, to
protect its habitatfrom presentandforeseeablethreats,and to downlist the
speciesto threatened.
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B. NarrativeOutline

1. Protectthe existing populationsandessentialhabitat. The royal snail
occurs in only two spring runs in the SequatchieRiver valley, Marion
County, Tennessee.Although therearemanyotherspringsin the
SequatchieRiver valley and othersoutheasternTennesseecounties,the
royal snail hasneverbeenfound outside its presentrange. Becausethe
speciesis believedto havea 1-yearlife cycle, it dependsupon successful
reproductioneachyear for its survival. Any activity, incident, etc.,
adverselyaffecting the wateror habitatquality of the springs, evenfor
brief periodsduring a givenyear, could result in the extinction of the
royal snail. All actionsand activities aroundthespringsandtheir
watershedsmustbecarefully reviewed,planned,andimplementedwith
the protectionof theroyal snail in mind. Lackof properprotectionand
managementof thesepopulationsand the springswill ultimately leadto
the species’extinction.

1 .1 Utilize existing legislationand regulations(FederalEndangered
SpeciesAct. Federaland Statewaterquality regulations.stream
alterationregulations,surfacemining laws.etc.) to protectthe
speciesand its habitat. Degradationof the waterquality of the
springsappearsto be themost significantpotentialthreat to the
survival of the royal snail. Completecompliancewith Federal
andState laws andregulationsdesignedto protectwaterand
habitatquality mustbeensuredif the speciesis to survive.
Unlessthis objectiveis met, any other recoveryactivitieswould
be futile.

The currentuseclassificationfor the currentoccupiedrangeof
theroyal snail is Fish andAquaticLife, Recreation,Irrigation,
andLivestockWatering and Wildlife’. At a minimum, the
currentoccupiedrangeof the royal snail should beclassifiedby
the Stateof TennesseeasFish and AquaticLWe,with existing
water quality standardsgoverningthis useclassification. The
existing waterquality standardsdefinedfor Fish andAquaticLife
will be consideredprotectiveof theroyal snailunlessnew
information is providedto the contrary.

1State of Tennessee. September 1991. Rules of the Department of
Environment and Conservation, Bureau of Environment, Division of Water
Pollution Control: Chapter 1200--4--4, Rule 1200--4--4--.O1. Pp. 348
and 349.
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The Fish and Wildlife Serviceshould work with the Stateof
Tennesseeto havethespringsaddedto the 305(b)report asbeing
“threatenednot to meetuse” basedon the Fish andAquaticLife
classification. This threat is on the rechargeareabeing
contaminatedby changesin landusethat would threatenwater
quality. Additionally, this will furtherassistthe town of Jasper,
Tennessee,in maintaininga healthydrinking water supply.

The EnvironmentalProtectionAgency’s(EPA) Wellhead
ProtectionPlanshould also be investigatedasa possibletool to
protect the springs.

1.2 Work with appropriateFederaland Stateregulatory and review
agenciesto identify and assessprojectsand/oractivities that could
havenegativeeffectson the speciesand to ensureincorporation
of measuresfor protectingthe speciesand its habitatinto such
activities. ThroughSection7 of theEndangeredSpeciesAct, the
Fish and Wildlife CoordinationAct, CleanWater Act, etc.,
Federaland Stateregulatoryandreview agenciesmust work
togetherto carefully evaluateand identify actionsand activities
that havethe potential to adverselyaffect the speciesand/orits
habitat. Once impactshavebeenidentified, regulatoryand/or
permitting agenciesmustutilize their authoritiesto ensurethat the
speciesand its habitatareadequatelyprotected.

1.3 Solicit help in protectingandenhancingthe speciesand its
essentialhabitat. The assistanceand supportof conservation
groups,local governments,and regionaland local plannerswill
be essentialin meetingthe goal of maintainingthe royal snail.
Also, the supportof local industrial, business,and agriculture
communities, aswell as local residents,is vital. Construction,
forestry, and agricultural “bestmanagementpractices”mustbe
implementedby all landowners. Local and county landuse
planningmustbedesignedand implementedto protectthe royal
snail and its watersheds. Individuals should be educated
regardingthenatural processesof the springs,how human
activities influencetheseprocesses,and measuresneededto
protect the springsandthe royal snail. Without a continuing
commitmentfrom thelocal peoplewho havean influenceon the
waterandhabitatquality of the springs,any efforts to maintain
the royal snail will meetwith little success.
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1.3.1 Meet with local governmentofficials and regionaland
local plannersto inform themand solicit their support
for the protectionof the speciesandits essentialhabitat

.

1.3.2 Meet with local business,farming. logging, and
industry interestsand solicit theirsupport:where
feasible,provide them assistancein implementing
protectiveactions

.

1.3.3 Developan educationalprogramusing such itemsas
slide/tapeprograms.brochures,etc. Presentthis
materialto businessgroups.civic groups. schools

.

churchorganizations,etc. Educationalmaterial
outlining the goals and emphasizingthebenefitsof
maintaining andupgradinghabitatquality will be
extremelyuseful in informing the public of our actions
and implementingTasks1.3.1 and 1.3.2.

1.4 Encouragethe establishmentof high-qualitywater designations

.

buffer zones,conservationeasements,and otherprotection
strategies. The Serviceshouldwork with theappropriateState
agenciesin Tennesseeto havespecial statusassignedto the
springsand their rechargeareas,which would provide increased
protectionto the royal snail.

During thetriennial review of the State of Tennessee’sprogram,
the EPA shouldencouragethe State’sdevelopmentof a high
quality surfaceuse classification. EPA should encouragethe
State’sdevelopmentof sucha useclassificationto include waters
that (1) providehabitatfor ecologically significantpopulationsof
aquaticor aquatic-dependentlife (i.e., Stateor Federallists of
rare, specialconcern,threatenedor endangeredplant and animal
life), (2) provide specializedactivities relatedto existing water
quality (i.e., recreation,StateHeritage,historical), (3) have
outstandingscenicor geologicvalues,and(4) haveconditions
that arebetter thanthe mostrestrictivewaterquality standards.

1 .4. 1 Determinetherechargeareasfor bothsprings.To most
effectively protect thequality of the water in the springs,
the surfacearearechargingthe systemsmustbe
determined. This will not only benefitthe snailbut will
also help thecity of Jasper,Tennessee,betterprotect its
water supply.
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1.4.2 Work with landownersto establishconservation
managementagreements(or similar arrangements)for
areasoccupiedby the royal snail and any adjacentareas
that would aid in its protection(buffer zones). To
provide themost effectivehabitatprotectionfor the
quality of the waterin the spring and streamhabitat, land
mangerswithin the rechargeareaof the spring or stream
shouldbe informedasto what they cando to benefitthe
snail. Using existing financial incentives,suchas the
Service’sPartnersfor Wildlife program,encourage
landownersto managetheir land in a way that benefits
the snail. Again, this will not only benefit the snailbut
will also help thecity of Jasperbetterprotectits water
supply.

2. Isolatethreatsto thespecies.conductresearchnecessaryfor the
species’ management.andimplementmanagementwhereneeded

.

2.1 Conductresearchon the speciesandcharacterizethe specific
habitatrequirements(relevantphysical.biological, and chemical
components)for all life history stages. Detailedknowledgeof
thehabitatrequirementsof the species;waterquality parameters
(temperaturesdissolvedoxygen, etc.); communitystructuresof
associatedflora and fauna;and how thesebiotic andabiotic
factors interactand affect reproduction,growth, andmortality
ratesof the royal snail is neededin order to focusmanagement
andrecoveryefforts on specific problemswithin the species
habitat. Knowledgeof theenvironmentalrequirementsof all life
history stagesof the speciesand an understandingof the natureof
the habitatoccupiedby thespeciesareessentialin order to
managefor the species’long-termsurvival.

Assessmentof thebiotic and abiotic factorsassociatedwith the
currentoccupiedrangeof the royal snail should bedescribed.
An equally intensivesurveyof similar adjacentcommunities
should also be completed. An analyticalreview of the two areas
should becompletedto determineif thereareuniquephysicalor
biological featureslimiting the rangeof the royal snail. Indicator
speciesandparticulateorganicsshould be investigatedto
determineif they arecorrelatedwith the royal snail’s range.

If no limiting factorsare found afterthe biotic community
assessmenthasbeencompleted,chemicalanalysisof the benthic
substrateand water columnshouldbe undertakento determineif
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thereis a chemical limiting factor. Becausethis is a
shell-encapsulatedmollusk, calciumstudiesfor the availability of
this mineral shouldbe assessedto determineif this is a limiting
factor. Currently thereare no chemical factorssuspectedto be
limiting the historic rangeof the species.

Concurrentwith thephysical and biological community
assessments,detailedwater quality parametersfor the springs
shouldbe completedto obtaina baselineconditionfor
comparisonover time. Theseparametersshould be asextensive
aspossible,with asbroadan analysisof metals and pesticidesas
practical.

2.2 Determinethenumberof individuals requiredto maintain
a viable population. Many speciesarewell adaptedto
inbreeding,including many mollusks (Selander1983),
althoughtheirevolutionary longevity maybe limited. In
general,however, inbreedingdepressioncanbe a major
obstacleto speciesrecovery,especiallyif theremaining
populationsizesare small and/orhavegonethrough
some typeof geneticbottleneck. The actualnumberof
individuals in a populationis not necessarilya good
indicationof a population’sgeneticviability; rather,the
“effective population” size is needed. The effective
populationsize is the size of an “ideal” populationin
which geneticdrift takesplaceat the samerateas in the
actual population(Chambers1983). The effective
populationsize is typically only one-thirdto one-fourth
the actualpopulationsize (beingaffectedby sexratio,
overlappinggenerations,generallynonrandom
distributionof offspring, and nonrandommating) (Souls
1980). Someof thesefactorscanbe addressedunder
Task 2.1, while others will needto be addressedaspart
of this task.

2.3 Isolateand eliminatecurrentand future threatsto the species

’

survival. Water and habitatquality deteriorationor alteration(by
increasingsiltation, nutrient, or pollutant loading or by altering
waterretentiontime, temperature,or pH) and the introductionor
invasionof normativespeciesappearto be the primary threatsto
the royal snail. Oncespecific ecological requirementshavebeen
identified (seeTask2.1), potential sourcesof thesethreats(and
otherpotential threats)will needto be isolatedandmethodsand
effectsof controlling and/oraltering thesesourceswill needto be
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determined. To minimize and eliminatethesethreats,the
informationgatheredin Task 2.1 mustbeutilized to targetand
correct specific problemareasand isolate the specific causative
agent(s).

2.4 Basedon the biological dataand threatanalysis,investigatethe
needfor management.including habitatimprovement. Implement
management.whereneeded,to securethe species. Specific
componentsof the royal snail’shabitatmay be stressedor
threatened,andthis may limit the species’potentialfor survival.
Habitat improvementprogramsmaybeneededto alleviatethese
threatsto the species.

3. Developartificial holdingand propagationtechniquesand, if feasible

.

establishcaptivepopulations. There is an immediateneedto develop
techniquesfor holding and propagatingthe royal snail to allow for the
reestablishmentor augmentationof theexisting populations. Under
presentconditions,with the speciesoccurringin only two small spring
runs, it would be easyto lose one or both populations. This, coupled
with the species’biology, makesthe royal snailextremelyvulnerableto
extinctionfrom a single catastrophiceventor a combinationof events
or activities adverselyaffectingthe two spring runs, evenfor a short
periodof time. Becausethe speciesis found in only two springs,
reintroductioninto otherareasmaynot be appropriateor feasible. The
developmentof artificial holdingand propagationtechniquesand, if
feasible, the establishmentof captivepopulationswould allow for the
reestablishmentof a populationin the springs,if either or both of the
populationswere lost, or for populationaugmentation,if thepresent
populationswere significantly reducedin numberto a point wheretheir
viability and survival were threatened.The numberof individuals
necessaryto maintainviability will be determinedin Task 2.2.

4. Developand implementcryogenictechniquesto preservethe species

’

geneticmaterial. No attemptshavebeenmadeto transportand hold
royal snailsor to developartificial propagationtechniques(Task 3
above). This may takea substantialperiodof time. Also, becauseof
the species’biology, long-termmaintenanceof captivepopulationsmay
not be feasible. Cryogenicpreservationof the royal snail could
indefinitely maintaingeneticmaterial (much like seedbanksfor
endangeredplants)from theextantpopulations. Onceartificial holding
and propagationtechniquesaredeveloped,cryopreservationcould then
allow for theeventualcreationand reestablishmentof royal snail
populations(if necessary),using geneticmaterialpreservedfrom that
populationwithout requiringthe continuousmaintenanceof a captive
population.
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5. Developandimplementa programto monitor royal snail population
levels and the water and habitatconditionsof eachof the spring runs

.

The statusof the speciesand its habitatmust becontinuallymonitored
to assessits condition andidentify any potentialproblems. Quantitative
samplesshould be takento determineroyal snail populationdensities
and thechemical,physical,andbiological quality of eachof the spring
runs. This monitoring shouldbe conductedat leaston anannual
schedule.

6. Annually assessthe overall successof the recoveryprogramand
recommendaction(changesin recoveryobjectives,continueto protect

.

implementnew measures,other studies.etc.). The recoveryplanmust
be evaluatedperiodically to determineif it is on trackand to
recommendfuture actions. As more is learnedaboutthe speciesandas
conditionschange,recoveryobjectivesmay needto be modified.
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PART III

IMPLEMENTATION SCHEDULE

Priorities in column one of the following ImplementationScheduleareassignedas
follows:

1. Priority 1 - An actionthat mustbe takento preventextinctionor
to preventthe speciesfrom declining irreversibly in the
foreseeablefuture.

2. Priority 2 - An actionthat must be takento preventa significant
declinein the species’populationand/orhabitatquality or some
othersignificantnegativeimpactshort of extinction.

3. Priority 3 - All other actionsnecessaryto meetthe recoveryobjective.

Key to AcronymsUsedin This ImplementationSchedule

COB - U.S. Army Corpsof Engineers
EPA - U.S. EnvironmentalProtectionAgency
FWS - U.S. Fishand Wildlife Service
LB - Law EnforcementDivision of theU.S. Fish andWildlife Service
NRCS - U.S. NaturalResourcesConservationService
R4 - Region4 (SoutheastRegion),U.S. Fish andWildlife Service
TDEC - TennesseeDepartmentof Environmentand Conservation
TB - EndangeredSpeciesDivision of the U.S. Fishand Wildlife Service
TNC - The Nature Conservancy
TWRA - TennesseeWildlife ResourcesAgency
USGS - U.S. GeologicalSurvey
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ROYAL SNAIL IMPLEMENTATIONSCHEDULE

Priority
Task

Number Task Description
Task

Duration
Responsible Agency
FWS Other

Cost Estimates (SQOOs)
FYi FY2 ~ Conunents

1 1.1 UtiLize existing legislation and
regulations to protect the
species and its habitat.

Continuous R4/TE
and LE

COE, EPA

1 1.2 Work with appropriate Federal and
State agencies to identify
actions that could negatively
affect the species and
incorporate protective measures
into such actions.

Continuous R4ITE COE, EPA,
TOEC, TWRA,
NRCS

1 1.4 Encourage the establishment of
outstanding resource water
designations and other protective
strategies as a means of
protecting the species.

Ongoing R4/TE COE, EPA,
TOEC, TWRA,
NRCS, TNC

1 1.4.1 Determine recharge areas for both
springs.

2 years R4/TE Contract or
USGS

15.0 15.0

See com-
ments.

2.3 Based on the biological data and
threat analysis, investigate the
need for management and implement
where needed.

2 years R4/TE COE, EPA,
TOEC, TWRA,
NRCS

10.0 10.0 Priority 1, 2,
or 3, depending
on the result
of 2.1, 2.2,
1.4.1, and_2.3.

2 1.3.1,
1.3.2

Meet with local government
officials and business interests
and solicit their support for
recovery.

3 years R4/TE COE, EPA,
TOEC, TWRA,
NRCS, TNC

2 1.3.3 Develop information and education
program and present.

Ongoing R4/TE TWRA, TNC 3.0 1.0 1.0 Task duration:
1 year to

develop, then
continuous.

2 1.4.2 Work with landowners to establish
agreements for areas occupied by
the snaiL and any adjacent areas
that would aid in its protection.

Ongoing R4/TE TWRA, TNC 2.0 2.0 2.0
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ROYAL SNAIL IMPLEMENTATIONSCHEDULE (Continued)

[Priority

2

2

Task

Number Task Description

Task

Duration

Responsible Agency

FWS Other

R4/TE TWRA

R4/TE Contract

Cost Estimates (SOCOs)

FYi FY2 FY3

10.0 7.5 7.5

12.5 12.5 5.0

Coimnents

2.1
2.2
2.3
2.4

3

Conduct research necessary for
the species’ protection and
management; i.e., habitat
requirements, biology, and threat
analysis.

3 years

OngoingDevelop artificial holding and
propagation techniques and, if
feasible, establish captive
populations.

Annual cost
should remain
relatively
constant after
techniques
established.

2 4 Develop and implement cryogenic
techniques.

Ongoing R4/TE Contract 20.0 20.0 1.0 Annual cost
should remain
relatively
constant after
techniques
established.

3

3

6

6

Develop and implement a
monitoring program.

Ongoing

Ongoing

R4/TE

R4/TE

TWRA 3.0 3.0

1.5

3.0

1.5Annually assess the overall
success of the recovery program
and reconuend action.

TWRA 1.5
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PART IV

LIST OF RECIPIENTS

The following agencies,organizations,andindividuals were mailedcopiesof this
recoveryplan. This doesnot imply that they providedcommentsor endorsedthe
contentsof this plan.

Mr. Elbert T. Gill, Jr.
TennesseeDepartmentof Environment

and Conservation
401 ChurchStreet
8th Floor, L&C Tower
Nashville,Tennessee37243-0447

Mr. D. Elmo Lunn
TechnicalSecretary
Water Quality Control Board
TennesseeDepartmentof Public Health
621 Cordell Hull Building
Nashville, Tennessee37219

Mr. Gary Myers, ExecutiveDirector
TennesseeWildlife ResourcesAgency
Ellington Agricultural Center
P.O. Box 40747
Nashville, Tennessee37204

*Mr Jerry Lee

U.S. NaturalResourcesConservationService
U.S. Courthouse,Room 675
801 Broadway
Nashville, Tennessee37203

Mr. EdwardG. Oakley
Division Administrator
FederalHighwayAdministration
249 CumberlandBend Drive
Nashville, Tennessee37228
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*M JackE. Ravan

RegionalAdministrator
EnvironmentalProtectionAgency
345 CourtlandStreet,NE.
Atlanta, Georgia 30365

Director
Office of HydropowerLicensing
FederalEnergyRegulatoryCommission
825 NorthCapitol Street,NE.
Washington,DC 20426
ColonelRobertJ. Sperberg
U.S. Army Corpsof Engineers
NashvilleDistrict
P.O. Box 1070
Nashville,Tennessee37202-1070

Dr. William H. Redmond
RegionalNatural HeritageProject
TennesseeValley Authority
Norris, Tennessee37828

Mr. Paul Schmierbach,Manager
EnvironmentalQuality
TennesseeValley Authority
Room 201, SummerPlaceBuilding
Knoxville, Tennessee37902

Mr. GeorgeC. Miller, Director
Knoxville Field Office Director
Office of SurfaceMining
Reclamationand Enforcement
530 Gay Street,SW., Suite 500
Knoxville, Tennessee37902

ProgramAdministrator
TennesseeDepartmentof Environment

andConservation
401 ChurchStreet
8th Floor, L&C Tower
Nashville, Tennessee37243-0447
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Dr. JamesLayzer
TennesseeCooperativeFishery

ResearchUnit
TennesseeTechnologicalUniversity
Box 5114, Biology Department
Cookeville, Tennessee38505

Dr. Mark Gordon
TennesseeCooperativeFishery

ResearchUnit
TennesseeTechnologicalUniversity
Box 5114, Biology Department
Cookeville,Tennessee38505

Mr. Julius T. Johnson
Directorof Public Affairs
TennesseeFarm BureauFederation
P.O. Box 313
Columbia, Tennessee38401

*Mr. StevenA. Ahlstedt

Field Operations
Division of Water Resources
TennesseeValley Authority
ForestryBuilding
Norris, Tennessee37828

Dr. Arthur E. Bo~zan
36 VenusWay
Sewell,New Jersey 08080

Dr. Paul W. Parmalee
Departmentof Anthropology
The University of Tennessee
Knoxville, Tennessee37916

Dr. David H. Stansbery
Museum of Zoology
Ohio StateUniversity
1813 North High Street
Columbus, Ohio 43210
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NaturalResourcesDefenseCouncil, Inc.
40 West20thStreet
New York, New York 10011

TheNautilus
AmericanMalacologists,Inc.
Box 2255
Melbourne,Florida 32901

Dr. Arthur Clarke
325 E. Bayview
Portland,Texas 78374

County Executive
Marion County Courthouse
P.O. Box 789
Jasper,Tennessee37347

*Mr. JeffGarner

Aquatic ResourcesCenter
P.O. Box 680818
Franklin, Tennessee37068-0818

Dr. FredThompson
Florida Museumof NaturalHistory
Departmentof Natural Sciences
MuseumRoad
University of Florida
Gainesville,Florida 32611-2035

Mr. DennisRankin
EnvironmentalProtectionSpecialist
Distribution and TransmissionsBranch
Rural Electrification Administration
USDA South Building, Room3307
Washington,DC 20250

Mr. Ed Pickering
Water ResourcesDivision
National WaterData Exchange
421 National Center
Reston,Virginia 22092
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Mr. DeanShumway,Chief
Biological ResourcesBranch
FederalEnergyRegulatoryCommission
825 N. Capitol Street,NE., RB305
Washington,DC 20426

Mr. FredRegetz
Office of Environmentand Energy
Departmentof Housingand UrbanDevelopment
Room 5136, HUD Building
451 SeventhStreet,SW.
Washington,DC 20410

Dr. RobertStern, Director
Office of EnvironmentalCompliance
Departmentof Energy
ForrestalBuilding, Room4G-064
1000IndependenceAvenue, SW.
Washington,DC 20585

U.S. ForestService
Wildlife, Fisheries,andRange
1720 PeachtreeRoad,NW.
Atlanta, Georgia 30367

FishandWildlife ReferenceService
5430GrosvenorLane, Suite 110
Bethesda,Maryland 20814

Mr. SteveBeleu
OklahomaDepartmentof Libraries
U.S. GovernmentInformationDivision
200 NE. 18th Street
OklahomaCity, Oklahoma 73105-3298

Wildlife Biologist
EufaulaNationalWildlife Refuge
Route2, Box 97-B
Eufaula, Alabama 36027-9294

Mr. Michael Bean
EnvironmentalDefenseFund
1875 ConnecticutAvenue, NW., Suite 1016
Washington,DC 20009
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Mr. FredC. Schmidt,Head
DocumentsDepartment- KS
The Libraries
ColoradoStateUniversity
Fort Collins, Colorado 80523

Ms. JayneBrim
U.S. FishandWildlife Service
National FisheriesResearchCenter
7920 NW. 71stStreet
Gainesville,Florida 32606

EnvironmentalProtectionAgency
HazardEvaluationDivision - EEB (T5769C)
401 M Street,SW.
Washington,DC 20460

ProjectManager(7507C)
EnvironmentalProtectionAgency
EndangeredSpeciesProtectionProgram
EnvironmentalFateand EffectsDivision
Office of PesticidePrograms
401 M Street, SW.
Washington,DC 20460

The Nature Conservancy
EasternRegionalOffice
201 DevonshireStreet,5th Floor
Boston, Massachusetts02110

The Nature Conservancy
2002 RichardJonesRoad, Suite 304-C
Nashville, Tennessee37215

The NatureConservancy
1815 N. Lynn Street
Arlington, Virginia 22209

Mr. Rich Owings
NorthCarolinaArboretum
P.O. Box 6617
Asheville,North Carolina 28816
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Dr. Gary B. Blank
NorthCarolina StateUniversity
Box 8002
Raleigh, North Carolina 27695-8002

Mr. Alan Smith
P.O. Box 887
Mars Hill, North Carolina 28754

Dr. HarrietGillett
World ConservationMonitoring Centre
219 HuntingdonRoad
CambridgeCB3 ODL
United Kingdom

Traffic U.S.A.
World Wildlife Fund
125024th Street,NW., Suite500
Washington,DC 20037

Mr. PeterD. McKone
EnvironmentalScientist
Freeseand Nichols, Inc.
4005 InternationalPlaza,Suite200
Fort Worth, Texas 76109-4895

Mr. FredJackson
Tetra TechInc.
4700King Street,Suite500
Alexandria, Virginia 22302

Mr. FredC. Schmidt, Head
DocumentsDepartment- KS
The Libraries
ColoradoStateUniversity
Fort Collins, Colorado 80523-1019

Dr. RichardNeves
106 CheathamHall
Virginia CooperativeFishand Wildlife

ResearchUnit
Virginia PolytechnicInstitute and

StateUniversity
Blacksburg,Virginia 24061
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Ms. Alice L. Gustin
Publisher/Editor
Land Use Chronicle
P.O. Box 468
Riverton, Wyoming 82501

*IndependentPeerReviewers
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